Abstract. For the deficiency of the existing technology of petroleum bitumen, the printer (copier) waste toner (PWT) as the major additive, a proper amount of aluminate coupling agent and stearic acid synergist as the auxiliary additive were added to the base bitumen. A new kind of modified bitumen was developed and prepared. In order to evaluate the technical performance of the PWT modified bitumen and the bituminous mixtures, especially assess the high temperature performance, we compared the softening point and PG grade of Qilu 70# base bitumen and the PWT modified bitumen, and compared the Marshall test and rutting test results of the PWT modified bituminous mixtures and Qilu 70# bituminous mixtures. The results show that the PWT can improve the softening point of base bitumen about 3°C-8 ℃, accordingly, not only improve the high temperature stability of bituminous mixtures, reduce rutting, but also maintain the low temperature anti-cracking performance of bitumen and bituminous mixtures and show the good social, economic and environmental protection benefits. This technology overcomes the technical problem, the low temperature performance is sorry to be reduced when the high temperature performance is improved, which is posed by only adding the PWT to the base bitumen.
Introduction
The printer is one of the most common equipment in our daily work, and the whole world printer sales have been close to 150 million units per year at present, more than 30% units are sold in China [1] . The size of printer (copier) waste toner (PWT) is generally 5-15µm. LI-Weijun [2] , a tutor of the Environmental Research Institute of Shandong University, explained the harm of the toner from a physical point. In addition, the styrene and other substances in the toner have stimulating and anesthetic effects. We can enter the printer (copier) waste toner on the Internet easily, and then we can see that the way of many printer users to deal with the PWT, almost all users have discarded it directly.
Because of the environmental pollution caused by the PWT and the high temperature stability of roads was needed of immediate improvement, we took the PWT as the major additive, and put a certain amount of aluminate coupling agent and stearic acid synergist as auxiliary additive ,and added to base bitumen. The improvements can change waste into valuables, waste resources recycling. At the same time the improvements can improve the performance of base bitumen, and show the good social, economic and environmental benefits.
Not only there is no research on the PWT modified bitumen in China currently, but also there is only the PWT was added into base bitumen for modified bitumen in the US [3] . This paper illustrates the preparation of the PWT modified bitumen and the PWT dosage range. In order to evaluate the technical performance of the PWT modified bitumen and the pavement performance of the bituminous mixtures, especially assess the high temperature performance, we compared the softening point and PG grade of Qilu 70# base bitumen and the PWT modified bitumen, and compared the Marshall test and rutting test results of the PWT modified bituminous mixtures and Qilu 70# base bituminous mixtures.
Experimental Methods
First, we analyzed the modified mechanism of the PWT modified bitumen(for more detailed reviews, see [4] ), and based on the three major indicators test of bitumen, we determined the preparation technology of the PWT modified bitumen, that is shearing time, shearing frequency, shearing temperature. The preparation method: 1) Preheating the base bitumen and the PWT respectively; 2) blending the preheated PWT and base bitumen, thereby obtaining the mixtures; 3) stirring or shearing when heating the mixtures; 4) Continue stirring or shearing after adding the aluminate coupling agent;5)Adding stearic acid synergist mixing or shearing, then obtain the modified bitumen. In step 1, the preheating temperature of the base bitumen and the PWT should be selected 130℃-165℃, 100℃-110℃ respectively .In step 3 to5, the heating temperature is 130-165℃. In step 3, shearing or stirring frequency is 3500-5000r/min, the time of shearing or stirring is 25-35min.In step 4 to 5, shearing or stirring frequency is 3500-5000r/min, and shearing or stirring time is 3-8min.
By measuring the three major indicators, 60℃ dynamic viscosity, segregation and PG grade of the PWT modified bitumen, evaluating the modification effect of the base bitumen by the PWT, it can determine the appropriate content of the PWT. we determined the content of PWT is 2%-12%; Auxiliary additives: the content of aluminate coupling agent is 0.5%-2%, the mass ratio of the aluminate coupling agent and stearic acid synergist is 1/0.25 to1/ 0.75.
In this paper, we have designed three groups of PWT modified bitumen and mixtures experiments, and compared those results with the Qilu 70# base bitumen and mixtures, studied technical performance of the PWT modified bitumen and road performance of bituminous mixtures. The contents of each raw material in the three groups were listed in Table 1 .The preparation methods were shown in Table 2 . Taking No.1 sample as the example to interpret the preparation method detailedly: preheating the Qilu 70# base bitumen in 160 ℃ oven to soften; weighing the PWT according to Table 1 , and preheating to 100 ℃, then add to Qilu 70# base bitumen slowly with stirring in the whole procedure. Then put the containers of bitumen in a constant temperature heating jacket for high-speed shearing, shearing temperature is 160℃,shearing frequency is 3800r/min, shearing time t 1 is 25min.weighing the aluminate coupling agent according to Table 1 ,add to the bitumen, shearing temperature is 160℃,shearing frequency is 3800r/min, shearing time t 2 is 3min.Finally,weighing the stearic acid synergist according to Table 1 ,added to the bitumen, shearing temperature is 160℃,shearing frequency is 3800r/min, shearing time t 3 is 3min.
We measured the softening point and PG grade of the Qilu 70 # base bitumen and the PWT modified bitumen obtained from the three groups of experiments, the results are shown in Table 3 . Wet-blending and dry-blending are the two methods to be used to prepare the bituminous mixtures. The wet-blending method: PWT, coupling agent, synergistic agent and the base bitumen are mixed together first ,then add to mineral aggregate for blended; the dry-blending method : In the mineral aggregate mixture mixing process, add the base bitumen and PWT, coupling agent and synergistic agent respectively.
For this study, the commonly used mineral aggregate gradation and blending temperature were utilized: AC-20 and 170℃. Bitumen-aggregate ratio (modified bitumen include the mass of additives) 4.1% was determined.
Blending the Qilu 70# base bituminous mixtures according to the methods which is presented by standard test methods of bitumen and bituminous mixtures for highway engineering, then did the Marshall test and rutting test [5] . In order to evaluated the difference of the mixtures performance by different blending methods, we blending the No.1 sample mixtures by both wet-blending method and dry-blending method, followed by the Marshall test and rutting test. The experimental results were listed in Table 4, Table 5 .
Mixing the mixtures of No.2 sample and No.3 sample with dry-blending method, followed by a rutting test. The results were listed in Table. 6. 
Results and Discussion
As shown in Table 3 , the PWT, coupling agent and synergist mixed together can improve the softening point of the base bitumen. With the dosage of additive was increased, the softening point was also increasing, the increase values are 3℃-8℃.As can be seen from the PG classification results, the high temperature level of the PWT modified bitumen has been improved greatly, the increase values are1℃-5℃,So as to improve the high temperature stability of bituminous mixtures performance, and reduce pavement rut. The low temperature level was only slightly higher or lower, it basically remains unchanged. If we could control the dosage of the PWT appropriately, it won't cause reduction on low temperature properties of bitumen. The PWT content should not be more than 12%. From Table 4 and Table 5 ,we can see that no matter dry-blending method or wet-blending method, the rut depth of the modified bituminous mixtures was shallow and the dynamic stability increased by nearly 30%,when compared to Qilu 70 # base bituminous mixtures. Flow value is the evaluation index of plastic deformation of bituminous mixtures. The decrease of the flow value shows that the PWT can improve the ability to resist plastic deformation of bituminous mixtures.
The blending method is little effect on the results of the Marshall test. Dry -blending method and wet-blending method basically have little difference, but the variation coefficient (CV) of wet-blending method was larger than dry mixing method. Therefore, it is better to select the dry-blending method to prepare modified bituminous mixtures. The abnormal results caused by Wet-blending method were likely that the PWT had different degree of sedimentation, before adding to the mineral aggregate for blending. So in order to avoid the sedimentation of the PWT, it is more reasonable to select dry-blending method.
From the Table 6 , we can see that the rut depth of No.2 sample and No.3 sample were smaller than that of Qilu 70# base bituminous mixtures, dynamic stability number has increased significantly, the growth of dynamic stability of No.2 sample and No.3 sample was 57% and 69% respectively. Taking the growth of dynamic stability of No.1 sample into consideration, we can see that the growth of dynamic stability of PWT modified bituminous mixtures will be gradually increase for the increase of the dosage of PWT, but not proportional relationship.
In conclusion, the PWT can improve the softening point of base bitumen about 3℃-8℃, thereby improve the anti-rutting performance of bituminous mixtures effectively, it will be gradually increase for the increase of the dosage of toner, but not proportional relationship.
Conclusions
We took the PWT as the major additive, and put a certain amount of aluminate coupling agent and stearic acid synergist as auxiliary additive, and added to base bitumen. It could change waste into valuables, waste resources recycling and improve the performance of base bitumen, and show the good social, economic and environmental benefits.
1.In the PWT modified bitumen, major additive: the content of the PWT is 2%-12%;Auxiliary additives: the content of aluminate coupling agent is 0.5%-2%,the mass ratio of the aluminate coupling agent and stearic acid synergist is 1/0. 25 to1/ 0.75.
2.The PWT, coupling agent and synergist mixed together can improve the softening point of the base bitumen. With the dosage of additive was increased, the softening point was also increasing, the increase values are 3℃-8℃. As can be seen from the PG classification results, the high temperature level of the PWT modified bitumen has been improved greatly, the increase values are 1℃-5℃. The low temperature level was only slightly higher or lower, it basically remains unchanged. The PWT content should not be more than 12%.
3.In order to avoid the sedimentation of PWT, it is more reasonable to select dry-blending method to prepare the PWT modified bitumen and mixtures.
